This paper examines the international diversification benefits of bloc-wide equity sectors in the oilrich Gulf Cooperation Council (GCC) countries by comparing alternative spillover models that encompass local, regional and global factors. Some GCC-wide equity sectors/subsectors are found to display segmentation from global markets during periods of high and extreme market volatility, and thus can serve as safe havens for international portfolio investors during such periods. The in-and out-of-sample portfolio analyses further suggest that supplementing global portfolios with positions in the GCC markets yields significant international diversification benefits, consistently offering much improved risk-adjusted returns across the alternative spillover models.
Introduction
The 2007/2008 financial crisis which originated in the U.S., the prolonged debt crisis and the economic uncertainty that wrapped the Eurozone have sent severe shocks throughout the world"s financial markets. These difficult times have also underscored the importance of emerging markets as potential risk diversifiers and return enhancers when the developed markets are in crises. As Balli et al. (2014) note, a number of factors including aging populations in mature markets and growing interest for alternative investments have led to significant shifts in global wealth to emerging market economies. To that end, the under-studied emerging and frontier stock markets in the oil-rich Gulf Cooperation Council (GCC) countries offer several unique features that make them a viable alternative as a diversifier in international portfolios.
1 This paper proposes a dynamic model of risk exposures of key equity sectors/subsectors in GCC stock markets with respect to local and global shocks and examines the potential diversification benefits of these fast growing markets for international portfolio investors.
Most GCC countries impose varying restrictions on foreign ownership in their stock markets in order to shield themselves from the adverse effects of regional and global shocks (Table 1) . Foreign ownership restrictions, along with a number of other institutional issues, have therefore prevented most of the GCC markets from being classified as emerging markets. On the other hand, government revenues and corporate profitability in the GCC countries are influenced by oil prices and exports which are largely driven by global economic growth factors. 2 Information may also flow to these markets through international macroeconomic linkages which include cross-country trade and customs relationships, foreign direct investments, interrelated portfolios and monetary and fiscal policy arrangements (Mensi and Hammoudeh, 2013) . Furthermore, the GCC economies are interlinked with the U.S. market as their exchange rates are pegged to the U.S. dollar, which requires coordination with the U.S. monetary policy. Therefore, it can be argued that the information and shocks relevant to changes in the U.S. and other international stock markets may affect the GCC stock 1 Frontier, also called pre-emerging, markets refer to the less developed and less liquid subset of emerging stock markets that are too small to be considered emerging. MSCI has recently promoted two GCC markets, i.e. Qatar and UAE, from frontier to emerging market status. 2 Saudi Arabia is placed first in the global oil exporter ranking, while UAE and Kuwait are ranked 6 th and 10 th , respectively. 4 markets from multiple channels. To that end, whether or not the GCC markets indeed exhibit segmentation from global financial shocks and thus can serve as a hedge or safe haven for international portfolio investors can be best described as an empirical issue to explore.
Motivated by the finding that industry-based diversification yields more efficient portfolios than country-based diversification (Moerman, 2008) , this study focuses on sector portfolios and examines a wide range of defensive and growth equity sectors including energy, financials, industrials, basic materials and utilities in addition to several sub-sectors including industrial and commercial services, transportation, banking and real estate. As Hammoudeh et al. (2009) Nevertheless, the sector-based approach offers an interesting dimension of diversification as it covers different aspects of the macroeconomy, particularly in the context of regime-based models utilized in this study.
The main goal of this paper is to explore the diversification benefits of the cash-and oil-rich stock markets in the GCC bloc by examining the risk exposures of GCC-wide equity sectors with respect to regional and global factors. By doing so, this study contributes to the literature on return/volatility spillovers and international diversification in several aspects. First, it develops a dynamic two-factor model of GCC-wide equity sector returns with regional and global market shocks as risk factors. The two-factor specification follows Baele and Inghelbrecht (2010) who show that the restricted single factor specification, which is generally utilized in the literature, leads to incorrect inferences regarding financial integration. Second, it investigates the regional and global market exposures of the GCC-wide equity sectors using regime-switching spillover models in which the global, regional, and sectoral returns are allowed to have common synchronized and unsynchronized (general) return processes. While there have been several studies that examine the transmission of returns among individual GCC country sectors (Hammoudeh et al. 2009 ), how the volatility spillovers occur among various sectors and across different market regimes is yet to be explored. Third, unlike 3 The new sector classification follows the Thomson Reuters Business Classification System. 5 in most studies in the literature (e.g. Bekaert and Harvey, 1995; Bekaert, 2002, 2004; Baele, 2005; Baele and Inghelbrecht, 2009, 2010) , this paper does not make prior assumptions on the number of market regimes describing the return processes, but instead it determines the number of regimes by formal statistical testing. Furthermore, we allow all model parameters to vary across different regimes. By doing so, we provide a more realistic representation of the structural changes in risk exposures as revealed by the data. Finally, unlike most spillover studies in the literature (e.g. Baele and Inghelbrecht, 2009, 2010) , we supplement our analysis by comparing the in-and out-of-sample performance of the portfolios based on the static and regime-based models.
The regime specification tests yield three market regimes characterized as low, high and extreme volatility market regimes. Although the GCC as a region is found to have a positive risk exposure to global shocks during the low and high volatility regimes, we find that the regional risk exposure to global shocks turns negative during the extreme volatility regime which proxies for the duration and the aftermath of the global crisis in late 2008 and the negotiations around the second bailout package for Greece in late 2011. Similarly, the sectors/subsectors including industrials, industrial and commercial services, transportation, financials and real estate are found to have negative risk exposures with respect to global shocks during the high and/or extreme volatility regimes. This finding suggests that some GCC-wide equity sectors/subsectors can serve as safe havens for international portfolio investors during periods of high or extreme volatility, depending on the particular sector to be utilized in the portfolio. Finally, examining the performance of portfolios constructed using the covariance matrices based on the alternative spillover models; we find that supplementing the world portfolio with positions in the accessible GCC-wide equity sectors leads to more efficient portfolios with much improved risk-adjusted returns. This finding is consistent across the constant parameter and the regime-based spillover models and supported by both the in-and outof-sample tests.
The remainder of the paper is organized as follows. Section 2 reviews the literature on the spillovers and international diversification, with a focus on the GCC stock markets. Section 3 presents the methodology which specifies the alternative two-factor spillover models. Section 4 provides the empirical findings for the global and regional spillover models. Section 5 examines the performance 6 of the optimal portfolios and the diversification benefits of the GCC markets within a regime-specific framework. Finally, Section 6 concludes the paper.
Literature review
The literature offers numerous studies on financial integration and contagion across global stock markets. A number of studies in this strand of the literature have focused specifically on international diversification benefits of emerging and frontier markets for investors in advanced markets (e.g. Chiou, 2008; Middleton et al., 2008; Bekaert et al., 2009; You and Daigler, 2010, Berger et al., 2011, among others) . On the other hand, fewer studies including Lagoarde-Segot and
Lucey (2007), Yu and Hassan (2008) , Cheng et al. (2010) , Mansourfar et al. (2010) , Arouri and Rault (2012) and Chau et al. (2014) have examined the stock markets in the Middle East and North Africa (MENA) region including the GCC countries. These studies generally suggest that MENA stock markets offer significant diversification potential for global investors. However, this strand of the literature has mostly ignored structural breaks and time variations in the risk exposures of developing stock markets with respect to the global and regional factors, and thus provided an incomplete assessment of international diversification benefits of these markets.
An emerging strand of the literature on international diversification has also looked at the cash-and oil-rich Gulf Arab stock markets (e.g., Hassan et al., 2003; Yu and Hassan, 2008; Cheng et al., 2010; Mansourfar et al., 2010) . Table 2 provides a summary of these studies which specifically examine the financial integration of GCC stock markets with world markets. This literature in general suggests that the developing stock markets of the GCC member countries are to a varying degree segmented from international markets, and thus diversification benefits can be achieved by allocating a part of global portfolios to investments from these oil-rich countries. Focusing specifically on a number of frontier markets including the GCC nations of Kuwait, Oman, Saudi Arabia and UAE, Berger et al. (2011) and Demirer (2013) find little evidence of financial integration of these markets with global markets. However, as Berger et al. (2011) also note, the literature has largely ignored structural changes and time variations in the integration of these markets with global markets by 7 assuming time-invariant parameters in their models, thus providing an incomplete assessment of global spillovers and the potential benefits of these markets for temporal international diversification.
On the other hand, a well-established literature exists on financial integration and return/risk spillovers across stock markets due to the relevance of this information to portfolio diversification.
Numerous studies including Bekaert and Harvey (1997) , Ng (2000) , Baele (2005) , Bekaert and Harvey (2005) , Hardouvelis et al. (2006) , and Baele and Inghelbrecht (2009, 2010) have looked into the effect of the local and global risk factors on asset prices in different contexts. Focusing on the oilrich GCC stock markets, Hammoudeh and Choi (2006) find that the volatility of the GCC returns is largely explained by domestic and GCC specific shocks rather than by global factors, implying potential international diversification benefits of these markets. Hammoudeh and Eleisa (2004) analyze the linkages among daily GCC market and oil returns and find that the GCC markets are not closely linked with each other and the oil market, with the exception of Saudi Arabia. On the other hand, Malik and Hammoudeh (2007) document significant volatility transmissions from the oil market to the stock markets in Saudi Arabia, Kuwait, and Bahrain, with a bidirectional spillover relationship only for Saudi Arabia and the oil market, using overlapping trading days with western stock and oil markets.
More recently, Balli et al. (2013) find that GCC-wide equity sectors are mostly driven by their own volatilities and highlight the dominance of regional shocks over global shocks on the volatility of returns in these markets. However, Khalifa et al. (2014) find evidence of regime-specific volatility transmission patterns between GCC and global markets, with stronger linkages observed with the global equity markets than with the oil market. However, Khalifa et al. (2014) focus on the GCC national stock indices and examine volatility transmissions only, and thus provide an incomplete assessment of diversification potential of these markets. More recently, Syed Abul et al. (2014) utilize copula models to explore the dependence patterns of the bivariate distribution of returns among the seven GCC stock markets. They document significantly greater conditional dependence across all 21
pairs of GCC market returns in the lower tail of return distributions, suggesting asymmetric correlation dynamics.
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Focusing on the portfolio diversification aspects, Yu and Hassan (2008) show that GCC markets are largely segmented from international markets, while Cheng et al. (2010) observe that these markets offer returns uncorrelated with global markets. Similarly, Mansourfar et al. (2010) find that the oil-producing GCC countries provide greater international diversification benefits than the non-oil producing MENA countries. More recently, Arouri and Rault (2012) argue that international diversification benefits can be achieved by allocating a part of the global portfolios to investments in the oil-exporting countries. In contrast, our study first develops a two-factor model of returns with regional and global shocks as risk factors and extends the analysis of return/risk spillovers to a regime-based context in which market regimes are identified by formal statistical testing, rather than by making prior assumptions on the regime structure. We then extend the spillover analysis to explore the portfolio diversification benefits across the market regimes, given the regional and global spillovers. The two-factor model allows us to examine the portfolio diversification benefits from the perspective of both regional and international portfolio investors. Finally, the in-and out-of-sample performance of the portfolios constructed based on the static and regime-based models are compared across alternative portfolio strategies that include positions in the GCC-wide equity sectors.
Methodology
Clearly, major regional and global shocks and extreme events can lead to structural breaks and regime changes in stock market returns. In the case of the GCC countries, it can be argued that at certain times (e.g. excepting the 2006 GCC regional stock market crash, while accounting for the 2007/2008 global financial crisis and its aftermath), the GCC and the global stock markets behave in a more integrated pattern, which necessitates that the regime-switching processes describing their returns be synchronized. In other times (e.g. the 2006 Dubai debt crisis or a regional market shock like the 2010 Arab Spring), the GCC markets have moved independently from international markets, calling for an unsynchronized regime-switching specification. Therefore, despite the evidence in the literature that these markets are largely segmented from the global markets, it is possible that they exhibit segmentation (or integration) with respect to global markets in a regime-specific fashion, 9 which warrants a regime-based diversification analysis that also takes into account the time variations in the linkages across these markets and the differences among the GCC equity sectors.
Given the dynamic nature of risk/return spillovers, we develop in this section a two-factor MS spillover model for nine GCC-wide equity sector/sub-sector indices from the six GCC countries under consideration. Numerous studies in the literature have utilized MS models in several contexts including stock market return distributions (e.g. Hamilton, 1988; Tyssedal and Tjostheim, 1988; Schwert, 1989; Pagan and Schwert, 1990; Kim, et al., 1998; , volatility spillovers (e.g. Ang and Bekaert, 2002; Baele, 2005; Baele and Inghelbrecht, 2009, 2010) , and GCC stock market dynamics (e.g. Hammoudeh and Choi, 2007; Balcilar and Genc, 2010; Balcilar et al. 2013 Balcilar et al. , 2014 Khalifa et al., 2014) . In contrast to these studies, the MS model utilized in this study has several novelties as indicated earlier. First, unlike Bekaert and Harvey (1995) , Ng (2000) , Baele (2005) and Baele and Inghelbrecht (2010) , the model allows for time-varying asset exposures and volatilities that can be driven by structural changes as well as fluctuations in risk factors. Bekaert (2002, 2004) , Honda (2003) , Giamouridis and Vrontos (2007) , Buckley et al. (2008) , Guidolin and Hyde (2008) , Guidolin and Timmermann (2008) , Flavin and Panopoulou (2009), Catão and Timmermann (2010) , Ria (2011), and Bae et al. (2014) examine the implications of regime switching for portfolio diversification and asset allocation and conclude that incorporating the regime switching behavior in the return series improves the portfolio performance. Furthermore, we allow for all model parameters to vary across different regimes, thus offer a more accurate representation of the return dynamics by endogenously modeling the structural changes and the various market regimes.
Second, unlike most international diversification studies in the literature (e.g. Bekaert and Harvey, 1995; Bekaert, 2002, 2004; Baele, 2005) , we utilize regime-switching models with more than two regimes where the number of regimes is identified by formal statistical testing rather than by making assumptions on possible regime structure in the return processes. In the strand of the literature that adopts data-driven selection of the number of regimes, Hamilton (1996) and Maheu and McCurdy (2000) use residual based tests in order determine the number of regimes. Guidolin and 10 Timmermann (2006) use likelihood ratio tests with the approach adopted in Davies (1987) . Sims and Zha (2006) , Maheu et al. (2009) and Cakmakli et al. (2011) select the number of regimes based on the log likelihood, marginal density, or predictive likelihoods. On the other hand, Krolzig (1997 ), Rydén et al. (1998 and Psaradakis and Spagnolo (2003) suggest selecting the number of regimes and the type of the MS model using AIC and, using Monte Carlo experiments, Psaradakis and Spagnolo (2003) show that AIC is generally successful in selecting the correct model (see also Smith et al. 2006 ).
Finally, the regime transitions are governed by a latent switching variable, which may be sector-specific, associated with regional or global factors or common to all of these factors. Fourth, the volatility of sectoral, regional and global returns is decomposed into regime-specific, systematic and idiosyncratic components. In order to correctly specify the risk spillovers and thus to disentangle the systematic and idiosyncratic components, we allow the GCC-wide sectors to be exposed to both regional (i.e. GCC bloc-specific) and global shocks. As Baele and Inghelbrecht (2010) note, the twofactor specification allows one to distinguish between partial (global) and regional integration and also outperforms the single factor model in modelling cross-market correlations. Additionally, the global shocks are allowed to drive GCC regional returns. Therefore, the model accommodates partial integration at both the regional and global levels and accommodates structural breaks and temporal variations in market linkages.
Similar to Baele and Inghelbrecht (2010) , respectively. To that end, the process specified for the GCC-wide sector returns in Equation (1) generalizes the two-factor spillover model of Ng (2000), Bekaert et al. (2005) and Baele (2005) . However, our specification also allows for regimespecific risk exposures with respect to the regional and global shocks where the regime-switching is stochastic and governed by a Markov process. By doing so, this specification easily lends itself as a robust tool for examining diversification opportunities during different market regimes. 
where the regional and global shocks are specified as ( ), l = reg and w, with the regime variables, (l = reg and w), each taking values in {1,2,3} and following a three-state, first order Markov process. Note that that the return processes describing the regional and global excess returns are indexed by their own regime variables, providing a flexible framework regarding the synchronization (or otherwise) of regimes across the different markets. The excess return process in Equation (2) is a generalization of the one-factor volatility spillover model of Bekaert and Harvey (1997 As stated earlier, one of the contributions of this study is to investigate the risk exposure of the GCC-wide equity sectors with respect to the regional and global factors within a regime-switching return and volatility spillover specification. This also allows one to make inferences regarding the potential diversification benefits of the GCC equity sectors. For this purpose, we examine the performance of dynamic portfolios based on alternative regional and global spillover specifications.
In particular, we examine three alternative spillover specifications: the constant coefficient GARCH, the unsynchronized MS dynamic spillover, and synchronized MS dynamic spillover specifications.
Constant coefficient GARCH specification
As the benchmark model, we use a spillover specification based on a constant coefficient GARCH model which is widely employed in the literature (Bekaert and Harvey, 1997; Ng, 2000; Bekaert et al. 2005; Balli et al., 2013) . Under this specification, we use a GARCH(1,1) model for the conditional volatility and assume constant spillover coefficients, leading to the following model for the excess return on the equity index l at time t 
. However, it must be noted that the constant coefficient GARCH(1,1) specification is used for comparison purposes only.
Since our primary focus is to examine the diversification potential of the GCC equity sectors, the conditional returns are specified as AR (1) processes. 6 Following the approach adopted in Bekaert and Harvey (1997), Ng (2000) , and Bekaert et al. (2005), we obtain the conditional variances and covariances across the sectoral, regional, and global indices as well as the percentage of the conditional variances explained by the regional and global exposures.
Unsynchronized general MS dynamic spillover specification
This specification is given in Equations (1)- (3) and allows for flexible regime-switching in the sectoral, regional and global return processes. No particular structure is imposed on how the regime of each market evolves. Baele (2005) utilizes a similar MS model for 13 European markets with spillovers emanating from the United States and Europe. However, the specification in Baele (2005) is limited in the sense that it assumes a single regime (linear) model for the aggregate U.S. and
European market shocks and only allows regime-switching in the sector-specific equations. On the other hand, the model described in Equations (1)- (3) allows for multiple market regimes describing the sectoral, regional as well as the global market return processes and thus provides a more realistic approach.
The unsynchronized general specification does not assume a particular structure for the regime processes, S k,t (k = 1, 2,…, n), S reg,t and S w,t for the sector, regional and global markets, respectively. This specification is general in the sense that each process may follow a completely unsynchronized or a partially synchronized regime rather than a common state for all markets. By doing so, the model accommodates partial integration of the GCC equity sectors with the GCC region at large and the global market, and thus provides a more comprehensive framework. The level of the market risk and the parameters describing the global and regional risk exposures follow unrelated regime-switching processes, while the risk exposure intensities of the sectors vary according to the current state of a particular sector. Thus, the random variables
are defined as three-state, first order Markov chains.
The specification is then completed by defining the transition probabilities of the Markov
. Thus, for sector or market l is the probability of being in regime i at time t+1 given that the sector/market was in regime j at time t, where the regimes i and j take values in {1,2,3}. Finally, the transition probabilities satisfy ∑ .
Synchronized MS dynamic spillover specification
As noted earlier, the GCC countries are linked through a political and economic union and their economies are highly sensitive to oil exports which have been affected by the choppy behavior of oil prices (e.g. 2015) . This makes these economies particularly sensitive to the global economic growth trends that drive the demand for oil imports and oil prices globally. Therefore, it can be argued that an alternative specification in which one assumes a common state for the GCC equity sectors, the GCC region and the world market is also applicable. This specification clearly assumes that the GCC markets are highly integrated with the global markets which may be the case during a particular market state like the 2007/2008 global financial crisis period when financial markets across the globe experienced simultaneous crashes and high volatility.
This is represented in the model as
which posits that all GCC sectors, the GCC region, and the world index follow a common, three-state regime process, 
Conditional covariances and variance ratios
In order to provide further insight into the risk exposures of the GCC equity sectors with respect to regional and global shocks as well as their time variations, we decompose the total volatility of each GCC-wide sector into three components: (1) a component due to global shocks, (2) a component due to regional shocks, and (3) a sector-specific or idiosyncratic component. Following
Equations (1)- (3), we use the following equations in order to estimate the sector-specific, regional and global components
x reg,t = b reg,S reg,t w e w,t +e reg,t (8)
where the term x refers to the unexplained component of excess returns specified in Equations (1)-(3). Calculation of the conditional variances and covariances based on Equations (7)-(9) requires the estimation of predictive probabilities,
e. the probability of asset l being in regime i at time t given the data through t-1. Defining the vector of predictive probabilities as 
. This last set of probabilities is termed as filtered probabilities and can be calculated using A novelty of the MS spillover model utilized in this study is that it allows for the computation of the time-varying conditional moments using the predictive probabilities. We specify an AR ( 
Once the conditional means are obtained, the sectoral, regional and global market shocks are then estimated as
In this specification, the conditional mean term is computed as the weighted average of conditional means in each market regime with weights equal to the predictive probability of the respective regimes. Similarly, the conditional variances of are given by
In order to complete the estimation of the spillover model, we next obtain the variances and the covariances of the unexplained component of excess returns defined in Equations (7)- (9). We assume that the sectoral, regional, and global market shocks are uncorrelated. Bekaert et al. (2009) show that a two-factor, time-varying coefficient spillover model with global and regional shocks is sufficiently rich to eliminate most of the idiosyncratic shock correlations even when the equations are estimated independently. 7 Given the nine GCC-wide sectors and sub-sectors as well as the regional and global market returns, the procedure requires the estimation of 55 time-varying covariances and 7 The synchronized common state model jointly estimates all equations along with the correlations among the idiosyncratic shocks.
e l ,t 17 11 time-varying variances for the unexplained component of excess returns. They are estimated using the following equations:
Given the variances and covariances in Equations (13)- (19), we obtain the time-varying correlations of each GCC sector with regional as well as global shocks. The GCC region"s correlations with the world index are also directly obtained from Equations (13)-(19). In short,
Equations (11)-(19) yield time-varying, but regime-independent moments and allow us to examine alternative portfolio strategies without having to assume a particular market regime. This procedure enables a more realistic approach to portfolio analysis as it is not possible to know, in practice, what particular regime the market is in at any given point in time.
The variance ratios are then calculated as the percentage of the conditional variances of the unexpected sector returns explained by the conditional variances of the regional and the global unexpected returns 
Estimation method
For the benchmark GARCH and the general unsynchronized regime MS models, we adopt the three-step estimation procedure of Bekaert and Harvey (1997) and Ng (2000) . 9 Given the recursive structure of the global, regional and sector specific shocks in Equations (7)- (9) for the MS models, the three-step approach does not possess a simultaneous equation bias. 10 As described earlier, the model structure is sufficiently rich to eliminate the cross correlations across the idiosyncratic shocks in
Equations (7)- (9). In the three-step estimation procedure, the first equation, i.e. Equation (3) (or Equation (4) for the GARCH specification with relevant restrictions), is estimated and the global market shocks are obtained. In the second step, the global shock from the first step is related to the GCC regional shocks using Equation (8) for the MS spillover model and using Equation (4) for the GARCH spillover model, given the relevant restriction. 11 The third step of the estimation procedure relates the global and regional market shocks to the GCC-wide sectors in Equation (7) for the general MS spillover model and similarly in Equation (4) for the GARCH spillover model. This three-step estimation procedure yields consistent, but not necessarily efficient, parameter estimates since we do not correct for the likely estimation errors from the first and second steps.
The common state synchronized dynamic MS model is indeed a multivariate MS model and is estimated as a system. We consider a general multivariate distribution for the idiosyncratic shocks in Equations (7)- (9), although it yields almost the same results with a diagonal specification. This finding indicates that the assumption of uncorrelated shocks for the general univariate MS and the GARCH spillover models is indeed supported by the data given the model structure. We estimate the parameters of the general and the common state MS spillover models, given that the number of regimes is known, using the maximum likelihood estimation. The likelihood is evaluated using the filtering procedure of Hamilton (1990) followed by the smoothing algorithm of Kim (1994) . The loglikelihoods of the MS models are functions of the parameters and the transition probabilities p ij . The estimates are obtained by maximizing the log-likelihood subject to the constraint that the probabilities lie between 0 and 1 and sum to unity. The conditional moments of the MS spillover models in
Equations (13)- (19) as well as the conditional variance ratios in Equations (20)- (22) are estimated using the predictive probabilities that are obtained from the transition probabilities and the filtered probabilities of the Hamilton filter. The number of regimes in both models is selected using the likelihood ratio (LR) tests with the upper bound for the p-values obtained according to Davies (1987) .
We also supplement the LR tests with AIC. The parameters of the univariate GARCH spillover model are estimated using the quasi maximum likelihood procedure. A final choice in the estimation of the models is the distribution of the idiosyncratic shocks. The normality tests reject the normal distribution for all excess returns, and therefore we estimate the GARCH, the general MS, and the common-state MS models using the student t distribution. Thus, the idiosyncratic shocks are distributed as e l,t~t (v
is the degrees of freedom of the student t distribution. We allow the degrees of freedom of the student t distribution to switch with regimes, leading the tails of the distribution to vary across regimes. 12 We thank an anonymous referee for pointing out this issue and suggesting the use of the bootstrap linearity test of Di Sanzo (2009) . 13 Di Sanzo (2009) shows that this text works well and outperforms the Hansen (1996) and the Carrasco et al. (2004) tests.
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Empirical Results
Data
The empirical analysis includes a total of nine GCC-wide equity sector/subsector indices spread over the six GCC countries, namely Bahrain, Kuwait, Oman, Qatar, United Arab Emirates In order to capture the effect of the regional shocks, we use the MSCI GCC index which covers the large and mid-capitalization firms across the six GCC countries. 14 The world market is represented by the STOXX Global 1800 index which includes the developed markets only, having a total fixed number of 1,800 constituent firms. 15 This index excludes the GCC markets and is an appropriate representation of the global investor who is currently not invested in any of the GCC markets and is looking for diversification opportunities by allocating part of the global portfolio to GCC stocks. Taking the perspective of a developed market investor, we use the 3-month U.S.
Treasury bill rate in order to calculate excess returns.
14 MSCI GCC index covers about 85% of the free float-adjusted market capitalization in each GCC country. 15 The STOXX Global 1800 index includes stocks of 600 European, 600 American and 600 Asia/Pacific region firms. stocks in developed markets, possibly due to the institutional restrictions imposed on these markets to protect them from the negative effects from abroad. On the other hand, most of the returns are found to exhibit negative skewness, which suggests a greater likelihood of experiencing losses than gains in a given time period. The only exception is the energy sector which exhibits positive skewness possibly due to this sector"s high correlation with global oil prices. Similarly, the return distributions have kurtosis values higher than the normal distribution, implying the presence of extreme movements in either direction, thus supporting the use of the t-distribution in the estimation process.
Estimation results
Estimation procedure and model identification
The GARCH spillover model and the conditional mean and variance models in Equations (4)- (6) are jointly estimated by the QML method. Given the non-normality and the fat tails implied by the descriptive statistics reported in Table 3 , all GARCH spillover models are estimated with a student t error distribution with the degrees of freedom of the t-distribution also estimated as an additional parameter. As noted earlier, a novelty of this study is that we determine the number of market regimes by employing formal statistical tests, rather than making prior assumptions on the regime structure.
The empirical evidence obtained in Cakmakli et al. (2011) , Guidolin and Timmermann (2006) and Maheu et al. (2009) suggests that more than two regimes might be required to adequately capture the dynamics of returns in stock markets. In the case of the GCC stock returns, Balcilar et al. (2013 Balcilar et al. ( , 2014 show that the three-regime MS model best captures the return dynamics in these markets. In The three-regime specification is in contrast to Baele and Inghelbrecht (2010) who argue that the third regime exhibits spike-like behavior implying short-lived events. However, as will be discussed later, the third regime in our case proxies periods of extreme fundamental uncertainty including the 2007/2008 crisis period as well as the Greek bailout discussions in the Eurozone area.
Furthermore, the findings indicate significantly different spillover effects during the third regime with important diversification implications.
Global and regional spillover analysis
The estimates for the constant parameter GARCH spillover model (the benchmark model) which are not reported here yield significant and positive estimates for both risk exposures and across all GCC sectors/subsectors, indicating positive risk spillovers from the global and regional shocks into these sectors in these benchmark models. The finding of a positive risk exposure with respect to the regional and global risk factors is consistent with international asset pricing models and suggests that these risk factors carry a positive price of risk in the GCC equity sectors/subsectors. It also implies that the GCC-wide sectors are driven by the same fundamental uncertainties that also drive the regional and global market returns. The largest spillover effect from both the regional and global shocks is observed for the Real Estate sector/subsectors. This finding points to the high integration of the real estate sector which is open to investors from the GCC countries, particularly Dubai in UAE which also allows investments from non GCC citizens. The lowest regional spillover effect is observed for the banking sector which is highly regulated and supervised within the national borders due to its importance to the national economy and the government. Most GCC countries have a few banks and do not allow foreign banks to have offices in their countries. Similarly, the energy sector is found to have the lowest exposure to global shocks, possibly due to the periodic regulatory effect of OPEC and this sector is also considered "sovereign" by the GCC governments. Nevertheless, both the global and regional spillover effects are found to be positive according to the constant 23 parameter (benchmark) model, which does not take into account time-variations and possible regimespecific patterns in the model parameters.
Taking into account the effect of market regimes yields different results, yielding insignificant and sometimes significant and negative spillover coefficients, particularly during periods of high market stress (regimes 2 and 3). Table 4 presents the estimates for the general MS spillover model which considers the low, high and extreme volatility market regimes. Examining the regimebased parameter estimates in this model, we conclude that the positive spillover effects for the benchmark GARCH model, where the spillover parameters are consistently found to be positive and significant, represent in fact the effects of the regional and global shocks during the low volatility regime. On the other hand, we observe in Table 4 that the GCC-wide equity sectors exhibit heterogeneous risk exposures with respect to the regional and global shocks based on the prevailing market regime. For example, although the GCC as a region is found to have a positive risk exposure to the global shocks during the low and high volatility regimes, we see that the regional risk exposure to global shocks turns negative during the extreme volatility regime, with an estimated value of -0.4586 for b l ,3 w .
Examining the smoothed probability plots for the Global STOXX index"s returns in Figure   1d , it is clear that the extreme volatility regime (regime 3) proxies the duration and the aftermath of The negative risk exposure of the GCC region with respect to the global market shocks in this regime then implies that the GCC stock markets could serve as a safe haven for investors in advanced markets during the extreme volatility regime, which is highly persistent with an average duration of 70.13 days. This finding is further supported by the smoothed probability plot for the GCC region at large, presented in Figure 2 . 16 The smoothed probabilities for the GCC region as well as for the GCCwide sectors suggest that the extreme volatility periods for the world market largely fall into the low volatility regime (Regime 1) for the GCC stock indexes. It also highlights the advantage of the general MS spillover model that allows us to capture the distinct market regimes for global and local returns as each return process is designed to follow its own regime process. As Figure 2 Similarly, the industrials, industrial and commercial services, transportation, financials and real estate sectors are found to have negative risk exposures with respect to the global shocks during the high volatility regime, whereas the same applies to the energy sector during the extreme volatility regime only. Comparing the risk exposure values across sectors, we observe that real estate as well as industrial and commercials services have the largest negative exposures to the global market shocks, suggesting that these particular GCC sectors have the best potential as a safe haven for international portfolio investors during periods of high global market stress. Similarly, the finding of a negative risk exposure of the energy sector with respect to both the regional and global shocks in Table 4 suggests that this GCC sector can serve as a safe haven for both GCC and global investors during crises or severe geopolitical tension. On the other hand, from the perspective of the local investors in the GCC markets, the finding of negative risk exposures of the energy, industrial and commercial 16 The smoothed probability plots for the individual sectors are not reported save space and are available upon request.
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services, banks and real estate to the regional shocks during the high and extreme volatility regimes suggests that these GCC sectors can also be used as safe havens in local GCC portfolios and help offset portfolio losses during periods of high and extreme volatility.
Overall, the general MS spillover model captures useful information that can be used for international and local diversification purposes which cannot be captured by the constant parameter Table 4 . Nevertheless, we conclude that the assumption of a common regime for the sectoral, regional and global markets in a way overlooks the differences across the GCC sectors and the possible segmentation of these markets from the global markets. It thus fails to appropriately capture the risk exposures of the GCC sectors with respect to the market shocks.
In order to gain further insight into the extent of the global and regional spillovers, we next compute the variance ratios defined in Equations (20)- (22) and compare the spillover effects implied by the three alternative models. These are easily modified for the GARCH spillover (benchmark) model. However, since the two MS spillover models have three regimes with each regime characterized by different volatility dynamics, similarly to the various moments in Equations (11)- (19), the variance ratios in Equations (20)- (22) are computed conditionally based on the predictive probabilities. This formulation allows one to obtain regime independent variance ratio measures. variance for the GCC region is due to the regional shocks, with the global shocks accounting for only 2.501%, 7.863% and 4.055% of the variance of GCC returns based on the GARCH, MS and MV-MS models, respectively. This finding is consistent with Hammoudeh and Choi (2006) and suggests that the volatility of the GCC returns is largely explained by domestic shocks rather than by global factors.
It also reiterates the relative segmentation of these markets from global markets and further supports that these markets can be potential diversifiers for global investors. On the other hand, the dominance of regional shocks over global shocks means that local GCC investors will need to supplement domestic portfolios by foreign assets in order to reduce portfolio risks. In the case of the GCC-wide sectors shown in Figures 3 (b) -(j), we observe that among the three models we consider, the general MS spillover model implies greater time variations for the global and regional spillovers to the GCC-wide sectors. The global shock variance ratios are found to vary between 1.179% (energy) and 5.573% (industrial and commercial services), whereas the variance ratios for the regional shocks vary between 5.905% (basic materials) and 16.036%
(financials). We also observe that the regional shock variance ratios based on the general MS model are higher before 2010, varying between 10% and 60% for all GCC wide sectors. Not surprisingly, the variance ratios due to global shocks are found to exceed 20% during 2009-2010 and the second 18 The variance ratio plots for the other spillover models are not included in the paper for brevity and are available upon request.
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half of 2011 for all GCC-wide sectors. On the other hand, the regional variance ratios generally 
Diversification benefits of GCC-wide equity sectors
Having presented evidence on the risk exposures of GCC-wide equity sectors with respect to regional and global shocks, we next divert our attention to the potential diversification benefits of these sectors for investors. For this purpose, we compare the risk/return tradeoffs offered by alternative portfolios implied by each spillover model and examine the in-and out-of-sample performance of these portfolios.
From the perspective of a global investor, we use the developed equity market index represented by the STOXX 1800 index as the benchmark portfolio in order to assess the relative diversification benefits. This benchmark portfolio represents the undiversified investor who is currently not invested in the GCC stock markets. We then create portfolios augmented with the seven GCC-wide equity sectors described earlier. Performance comparisons are made across five alternative portfolios given the estimates of the covariance matrix S t . We restrict the portfolio weights to sum up to 1 and do not allow shortselling.
Portfolio 1: Undiversified global investor represented by STOXX 1800 with its historical return and risk obtained from the respective model.
Portfolio 2: Diversified minimum-variance portfolio, i.e. the world portfolio augmented with the GCC-wide equity sectors, with the historical return and risk obtained from the respective models.
Portfolio 3: Diversified minimum-variance portfolio with the same return as the STOXX 1800 index.
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Portfolio 4: Diversified minimum-variance portfolio with the same risk as the STOXX 1800 index.
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Portfolio 5: Diversified tangency portfolio with the maximum Sharpe ratio. Table 6 reports the summary statistics of the daily returns for the dynamic in-sample portfolios constructed using the covariance matrices obtained from the GARCH, MS, and MV-MS alternative spillover models. As expected, the diversified minimum-variance portfolio augmented with the GCCwide equity sectors (Portfolio 2) yields the lowest level of risk, consistently across the three 19 If the STOXX 1800 return is outside the range of returns for efficient portfolios, we replace it with the minimum or maximum efficient portfolio return, depending upon whether the STOXX 1800 return is below or above the range of efficient portfolio returns. 20 If the STOXX 1800 risk is outside the range of risk values for efficient portfolios, we replace it with the minimum or maximum efficient portfolio risk, depending on whether the STOXX 1800 risk is below or above the range of efficient portfolio risks 29 alternative spillover models. Similarly, the undiversified global investor who does not hold any positions in GCC stock markets (Portfolio 1) sustains the greatest level of portfolio risk in all alternative model specifications. Not surprisingly, the diversified tangency portfolio (Portfolio 5) offers the best risk/return tradeoff indicated by the greatest Sharpe ratio values. In general, all augmented portfolios with the exception of Portfolio 2 yield better Sharpe ratios, compared to the undiversified portfolio (Portfolio 1), suggesting that supplementing the global portfolio with positions in the GCC equity sectors yield more efficient portfolios. On another note, comparing the results across the three alternative spillover models, we observe that the dynamic portfolios constructed using the covariance matrices obtained from the general MS model yield better risk-adjusted returns. Note that the general MS model allows the sectoral, regional and global market returns to follow their independent regimes and provides the flexibility for the regime-switching to be synchronized or vice versa. The comparison of portfolio performances across the alternative models in Table 6 clearly suggests that restricting the regimes of the GCC-wide equity sectors, the GCC-region, and the world is suboptimal, leading to lower risk-adjusted returns.
The summary statistics for the dynamic out-of-sample portfolios reported in Table 7 further support our findings for the in-sample findings in Table 6 . Consistently across all three spillover models, we observe that the portfolios supplemented with positions in the GCC-wide equity sectors yield significantly more efficient portfolios, compared to the undiversified global investor portfolio (Portfolio 1). The highest Sharpe ratio is once again observed for the diversified tangency portfolio (Portfolio 5). We also find that the undiversified global investor experiences the greatest return volatility, while the inclusion of GCC sector positions reduces the portfolio risk in all cases. Once again, we observe that the dynamic portfolios constructed using the covariance matrices obtained from the general MS spillover model dominate the portfolios based on the GARCH and MV-MS models in terms of risk-adjusted returns. Figure 4 presents the portfolio weights in the tangency portfolio based on the general MS spillover model. We observe that the GCC-wide equity sector allocation in the best performing portfolio (Portfolio 5) exceeds 60 percent for prolonged periods, thus underscoring the potential diversification benefits of the GCC sectors. Furthermore, the GCC-wide sectors including utilities, 30 energy, banks, and basic materials are allocated higher weights, implying the significance of these particular GCC sectors in global diversification strategies. Overall, both in-and out-of-sample results support earlier findings on the spillover effects with respect to global shocks and suggest that GCCwide equity sectors can offer significant diversification benefits for global investors, regardless of the model specifying the spillover effects. While our findings suggest enhanced risk/return tradeoffs and potential safe haven benefits of the developing GCC markets for global investors, as Balli et al. (2014) note, investors in mature economies have been slow to diversify their portfolios internationally, suggesting a home bias in these markets. Our findings therefore provide compelling evidence that emerging market stock markets can still provide international diversification benefits despite the globalization of capital markets, thereby underscoring the importance of financial reforms that will make these markets more easily accessible to investors in developed markets.
Conclusion
This paper extends the literature on international financial integration and portfolio diversification by developing dynamic two-factor models of GCC-wide equity sector returns, with the regional and global market shocks as the risk factors. In the first part of the analysis, we examine the regional and global market exposures of the GCC-wide equity sectors using three alternative spillover models: (i) the constant parameter GARCH model; (ii) the unsynchronized (general) regimeswitching model (MS); and (iii) the common synchronized regime-switching model (MV-MS). We also compare the inferences from these alternative spillover models regarding regimes, risk exposures and portfolio diversification. In contrast to most spillover studies in the literature, we determine the market regimes by formal statistical testing rather than making assumptions on the possible regime structure. We find that the three-regime specification best describes the returns, in which the third regime proxies periods of extreme market uncertainty. Finally, we supplement our analysis with a comparison of the in-and out-of-sample performance of alternative portfolio strategies based on the static and regime-based models.
Our findings suggest that the risk exposures of the GCC-wide equity sectors with respect to the regional and global shocks display time-varying characteristics with regime-specific spillover 31 effects observed for all equity sectors as well as for the GCC region at large. The regime specification tests identify three market regimes characterized as low, high and extreme volatility market regimes.
Although the GCC as a region is found to have a positive risk exposure to global shocks during the low and high volatility regimes, we find that the regional risk exposure to global shocks turns negative during the extreme volatility regime which proxies the duration and aftermath of the global crisis in late 2008 and around the second bailout package announcement for Greece in late 2011.
Similarly, the GCC-wide industrials, industrial and commercial services, transportation, financials and real estate sectors/subsector are found to have negative risk exposures with respect to global shocks during the high volatility regime and the energy sector during the extreme volatility regime. This finding suggests that the GCC-wide sectors can serve as a safe haven for international portfolio investors during periods of high market stress, depending on the particular sector utilized in the portfolio. On the other hand, we find that the constant parameter GARCH and the common state MS models (MV-MS) fail to capture the dynamic nature of return and risk spillovers, thus they fail to provide a complete assessment of the international diversification potential of these markets. This is further supported by the in-and out-of-sample portfolio tests which imply inferior risk-adjusted returns for portfolios based on these two models, compared to the unsynchronized MS model.
The comparison of the portfolios constructed using the covariance matrices based on alternative spillover models suggests that supplementing the world portfolio with positions in the GCC-wide equity sectors/subsectors leads to more efficient portfolios with much improved riskadjusted returns. This finding is consistent across the alternative spillover models and is also supported by both in-and out-of-sample tests. Finally, we observe that the GCC-wide sectors including utilities, energy, banks and basic materials carry greater weights in the most efficient global portfolio, suggesting that global investors should well explore the accessibility of these particular sectors in their international diversification strategies. Some of these sectors may be considered "sovereign" by the GCC governments, and thus may not be open to foreign investors.
In conclusion, the findings clearly suggest that taking into account the regime-specific and the time-varying nature of the return and risk spillovers across the GCC stock markets provides valuable insight to the diversification benefits offered by these developing markets, particularly during periods 32 of high market stress. By doing so, our dynamic models are able to successfully capture the significant diversification potential offered by the cash-and oil-rich GCC stock markets, an assessment that would not be possible to capture by the time-invariant single regime model as well as by the common two-regime spillover model. The much improved risk-adjusted performance of the world portfolio augmented with positions in the GCC-wide sectors clearly supports the findings from the general dynamic spillover analysis in that the partial segmentation of these markets can indeed be utilized to achieve significant international diversification benefits. Note: Kuwait and Saudi Arabia allow GCC citizens to invest in their markets although Saudi Arabia limits it to certain companies and within limited percentages. In Kuwait and Saudi Arabia, non-GCC nationals are not allowed to invest directly although new laws are underway to allow foreign investors in these markets. In Bahrain, there are no restrictions on foreign investors although ownership is restricted to 49% for most companies expect for several bank stocks that are available for 100% foreign ownership. In UAE and Qatar, GCC nationals are allowed to invest within certain limits. UAE requires at least 51% of the share capital of a UAE company to be held by UAE nationals and foreign investors are only able to hold up to 49% of the share capital of a UAE company. UAE (Abu Dhabi) completely restricts real estate, general transport and labor supply to UAE nationals. In all GCC countries, investors are not allowed to invest in sovereign sectors such as the oil and gas sectors for all GCC. Kuwait and Saudi Arabia do not allow foreign ownership in the banking sector. In Qatar"s free zones, 100% foreign ownership is allowed. See Demirer (2013) and K&L Gates (2014) for more information. Hassan et al. (2003) Monthly data for various sample periods. 
GARCH-M models
Copula models
The lower tail dependence for GCC markets is significantly greater than the upper tail dependence. 
, where l=k (sector), reg (region) and w (world). n l , m is the percentage of observations in regime m (ergodic probability of the regime),  l,m is the duration of regime m. The error distribution is assumed to be the student t distribution, i.e. e l ,t~t (v
is the degree of freedom .
The parameters are estimated using ML. *** , ** and * represent significance at the 1%, 5%, and 10% levels, respectively. Notes: See notes in Table 4 above. D.) , the minimum, and the maximum for the percentage variance ratios for the GARCH, general MS, and MV-MS spillover models. The variance ratios are computed over the full sample period 1/1/2006-11/25/2013, which is equivalent to 1,236 observations. The GARCH spillover Model is the benchmark model. Notes: This table reports the mean, the standard deviation (S.D.), the minimum, and the maximum for the dynamic out-of-sample portfolios constructed using one-step ahead predicted covariance matrices obtained from the recursively estimated GARCH, MS, and MV-MS spillover models. The out of sample models are recursively estimated for the sample period 8/15/2012-11/25/2013 and 200 portfolios are constructed for the same period. P1 is the undiversified world portfolio represented by the STOXX 1800 developed market index. P2 is the diversified minimum variance portfolio which includes the STOXX 1800 index and the seven GCC-wide equity sectors including ENERGY, BMTLS (basic materials), INDUSTRY (industrials), INDCOMS (industrial and commercial services), TRANS (transportation), FIN (financials), BANK (banking), RESTATE (real estate), and UTIL (utilities). P3 is the diversified minimum variance portfolio with a target return equal to the efficient global return. P4 is the diversified minimum variance portfolio with a target risk equal to the efficient global risk. P5 is the diversified tangency portfolio with the maximum Sharpe ratio. The GARCH spillover Model is the benchmark model. (20)- (22). For the GCC region, the total variance is decomposed into components due to global shocks and idiosyncratic shocks. For the GCC-wide sectors, the total variance is decomposed into components due to global shocks, regional shocks and idiosyncratic shocks. The variance ratios are computed over the full sample period 1/1/2006-11/25/2013 with 1,236 observations.
